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Building Blocks of Matter

e 1975 - discovery of the T lepton
Perl et al, PRL 35, 1489 (1975)

e 1977 - discovery of the b quark
Herb et al, PRL 39, 252 (1977)
e weak isospin = -0.504
* no flavor changing neutral current
* need weak isospin partner

e 1995 - discovery of the top quark

CDF, PRL 74, 2626 (1995)
D@, PRL 74, 2632 (1995)

e 2000 - observation of tau neutrinos



Hunt for the Top Quark

Direct searches at colliders

1979-84 PETRA (DESY) | e'el my,>23.3 GeV |

e

1987-90TRISTAN KEK) e'e’ mip>30.2 GeV |
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B top .
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1990 SppS (CERN) | pp | mpp>69 GeV |
e
1991 Tevatron (FNAL) pp | Mwp>77 GeV |
e
1992 Tevatron (FNAL) pp | mp>91 GeV |
e e
1994  Tevatron (FNAL) pp | Mip>131 GeV |
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Top Quark Production

Top-antitop quark pair production

q t

>¢w< qq—’tf
j@i%}% gg - t

Single top quark production

q t

>“W*< qq - tb

q

e agqitp



Top Quark Decay

In the standard model,
the top quark is short lived and decay
almost exclusively to W and b quark

b
qa¢) (W= w,W - w0 o0
t (W = v, W - o) 0 ¢ +jets
W (W - qq, W - qq’) O All- jet

q(v)

44%

15%

M tau+X

B mu+jets 1% 3% 1% 15%
[ e+jets

M et+e

M e+mu tt [

Emutmu  (/1h)(L1b) - ¢/ j°E, Dilepton
M all hadronic (/10)(qq’b) — (j*E. Leptontjets

l=eu (qg’b)(gg’b) - j°  Alljets



Data Sample

~» Tevatron Run | (1992-1996):

accumulated ~120 pb-1 integrated luminosity
at a center-of-mass energy of 1.8 TeV

150 -
Run 1C

125 -

100 -

Run 1B

75 -

50_

25

Integrated Luminosity (pb™)

Run 1A
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1992 1993 1994 1995 1996

Date

e Tevatron Run 1l (2001-2006):

expect to accumulate ~20 fb-1 (2 fb-1 Run lla)
at 2.0 TeV

Key for top quark physics:

e good lepton identification

* good missing E; resolution

o efficient b-jet tagging capability



Dilepton Final State

tt — ((0) () - 00 K.
Small rate (5%) but lowest backgrounds

Characteristics:

e two isolated high pT leptons
¢ 2 jets from b-quarks
* significant missing transverse energy

Major backgrounds:
o Z(— [l )+jets, WW, Z_. 11

* QCD: bB,CC — ff
e instrumental: misidentification

events
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Lepton+Jets Final State

tt - (/b)(qa’b) - 4°E,
Moderate rate (15%) and reasonable backgrounds

Characteristics:

* One isolated high pT lepton
* large transverse momentum imbalance
* multiple jets

Major backgrounds:

e W+jets production
¢ Instrumental:
misidentification and mismeasurement

Strategies:
e Explore the difference in topologies
* b-jets identification through (b - 1) decays
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Alljets Final State

tt - (qo’b)(qg’b) - j°
Largest rate (44%) but highest backgrounds

Characteristics:

* Six or more jets (two b-jets)
* No high pT lepton nor large transverse momentum
imbalance

Backgrounds:
* Huge QCD multi-jet production (S/B=1/2000 on tape)

Strategies:
e Tag b-jets using b . 1 decays
* Neural network to separate signal from backgrounds

1000 ¢
50@ :7 D

Slgnal+Background
\

100 E
50

Events

Neural Net Output



Event Selection

Top quark pair events are topologically
different from most of the background events
e top quark events are more spherical
e every event has two jets from b-quarks
e leptonic decays of W bosons:

* high pT isolated leptons
* large missing transverse momentum

Depending on the final state, sophisticated
selection criteria were developed to distinguish
signal events from backgrounds

Selection of 7 + jets events

Daa___ 105 pb™* t MC __ 7fb’

R i et F-----=z
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0100 200 300 4000 100 200 300 400
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Candidate Events

=

Jet 2 Jet 3

Jet 1

- |1 =45 mm
|2 =2.2mm

+ ; Jet 4

24 September, 1992

Fit _
Mtcl)tp = 170+ 10 GeV/E run #40758, event #44414



Selection Criteria

Dilepton Final State

el ee UL
E. (GeV) >15 > 20 > 15
Lepton <2.5 (e) <2.5 <1.7
nl <1.7 ()
Missing E; (GeV) =20 > 25 —
# > 2 > 2 > 2
Jets E. (GeV) > 20 > 20 > 20
n| <2.5 <2.5 <2.5
> 120 > 120 > 100
Ry (GeV) (jets+e) | (jets+e,) | (jets)

Lepton+Jets Topological Analysis

Lepton E; (GeV) >20 >20
In| <2 <1.7
Missing E; (GeV) >25 >20
5 Jets E; (GeV) >15
nl <2
EL + >60 GeV
Shape SEJES >180 GeV
Aplanarity >0.065
Others INyl<2
Veto p-tagged events




Selection Criteria

Lepton+Jets Tagged Analysis

* two b-quark jets in each signal events

e background events have minimal heavy flavor
content

e tag b-jet by presence of |l in jet
e ~20% of the signal events have a detectable
1 associated with a jet

 ~2% of W+jets background events have
a | associated with a jet

* relax shape cuts to require only 3 jets

Event Selection

e+jets/u U +jets/u
Lepton E; (GeV) >20
In| <2 <1l.7
Missing E; (GeV) >20
Z - P fit — Prob(x?)<0.01
Soft p>4 GeV and AR(,jet)<0.5
Jets > 3 jets, E;>20 GeV, |n|<2
Shape Aplanarity>0.04
H.>110 GeV




I ;

Event Sample

tt = (10)(£0) - 10 .

D@ CDF
ey (By) €€y eyt
data 5(4) 9 4
background | 1.4+0.4 (1.2+0.4) 2.4+0.5 2.0+0.4

tt — (/o)(qa’b) — 4 K,

DY CDF
topological lepton-tag SVX-tag lepton-tag
data 19 11 29 25
background 8.7£1.7 2.440.5 8.011\.0 13.2;:1.2

Y
11 events in common

tt — (qq'b)(qgq’b) - j°

. DY CDF
data 41 187
background 24+2.4  151+10




Cross Section

CDF di-lepton J—rg g pb
DO di-lepton 6.4 +3.3pb
DO topological —¢ 4.1+2.1pb
CDF lepton-tag 9.2+ 4.3pb
DO lepton-tag 8.3x3.5pb
CDF SVX-tag —&— 51+15 pb
CDF hadronic +35 > pb
DO hadronic 7 1+ 3 2pb
CDF combined —— 6. 5tﬂ pb
DO combined —&— 5.9+1.7pb
theory . - 4.7-6.2pb

oergereta. 0 2 4 6 8 10 12 14 16

Laenen et al. cross section (pb)

Nason et al.

Theoretical uncertainty is about 10% - 20%

Run Il precision: ~8% (stat: 4%, syst: 4%, lumi: 4%)



Lepton+Jets Mass Method

u\/ . /+ jetstt candidates

What happened What we observed
/ b-jet l jet

b-jet jet

_ jet _
-jet jet

For a signal event, we have one unknown( pzv )
and three constraints

m(¢v) =m(jj) = M,
m(J/v) =m(]]j)
Top quark mass can be determined through
a 2-constraint fit to event kinematics



Lepton+Jets Mass Method

tt - (/b)(qa’b) - (K,

Jet assignment ambiguity

e 12 if no jets is b-tagged
e 6 if one of the jets is b-tagged
e 2 if two jets are b-tagged

Additional complications from

* background events
e detector effect (mismeasurement + resolution)
e initial and final state radiations

q

Compare to Monte Carlo
to measure the top
quark mass

Ideal Case +Detector Effect +Combinatorics




Lepton+Jets Mass Method

Jét Energy Scale

I\/Ivv
Before
After
| | | L1
60 70 80 90 100 110 120 120 140 160 180 200 220
M; (GeV) My (GeV)

Resolutions and Combinatorics

1000 (a) Unsmeared,
Mean: 170 parton level,
500 - Width: 2.4 no radiation.
>
(O] |
oL
"'2 & 200 - (b) Unsmeared,
- g Mean: 163 generator level,
I, % 100 Width: 25.6 radiation on.
<
E o
~ L
o \ \
= 200 (c) Full detector
k=L Mean: 165 simulation.
E 100 - Width
o
n =

j \ \ \
100 150 200 250

Fitted mass (Geviy



Lepton+Jets Mass Method

The measured distribution f (x) is compared
to those from signal g,(x,m) and
from background g,(x) to extract the
top quark mass using a likelihood method

L(ns’ nb,m )
g (*1) N 4m Poisson statistics
- (ns + nb)
N!
1 _(no_<nb>)2 )
» - 20° _ Background constraint
A 27Z'Gb
y H N0 (X, M) + Ny gy (X ) Probability density
) no+n, €= jistribution for the

measured variable

Ng = # of signal events
N, = # of background events oo
M = top quark mass

i 0.015

Events/10 GeV/c?

10 0.01

51 0.005

0 v v r v v r v +
80 100 120 140 160 180 200 220 240 260 280
Fitted Mass (GeV/c?)

Average fitted mass (GeV/cZ)



Multivariate Discriminants

e Some of the cross section selection are mass
biased and need to be replaced

DO used four-variable multivariate discriminants

X, = E+ (transverse momentum imbal ance)
X, = A (Aplanarity)

>NEd |
Xq = ——4— (centrality)
ZaEl
Alen Emln
x4:( J z T (clusterness)
Er

Likelihood: Li(X)= ; Eg for each event

7 {0-1

(%)

% h(x)




Multivariate Discriminants
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Lepton+Jets Mass Analysis

Analysis Details

Er >20GeV  |7,<20 |[n,|<17
E. > 20 GeV

ES? > 25 GeV for e+ jets; ES? > 20 GeV for u + jets
> 4jets, By >15GeV, [77,4]< 20

For eventswith b — w tagging

4 >4 GeV and AR = +/(677)% +(5¢)? < 05 of ajet
For events without b —  tagging

E+ = (E+ +E;) >60 GeV and |77,|< 2.0

91 events selected (7 events have b — 1 tagged)

Perform kinematic fit on this sample

require > <10 and select fit with smallest y*
[1 77 events fitted successfully (5b - « tagged events)



Mass from Lepton+Jets

100 Fhted miass

260

tt - (/vb)(qa’b)

173.315.615.5 GeV

Largest systematics

Jet energy 4.0 GeV
Monte Carlo 3.1 GeV
Noise/pile-up 1.3 GeV -

-

#l L ]
f i

-

+
* 4

&0

20

176.1%5.1£5.3 GeV S

o
Largest systematics =
Jet energy 4.4 GeV Z°
Monte Carlo 2.6 GeV >
Background 1.3 GeV .

120 160 200
Fitted top cquard nass (GeV)

- CDF

Mop (GEVIE)

g s
\ \ ‘ |

150 200 250 300 350

100
Reconstructed Mass (Ge\%’]c



Mass from Alljets

tt » (qg'b)(ag’b) - j°

m, can also determined from alljets final
state from a 3-constraint fit

~ N ~
NO B o 5 .
N 45 | e Data 8
% £ s
3 [ Top 5
~ | X 3
o 1 Background =
> S
2 3
£ 1
S

i 0
“oso [

25 |

| T

Top Mass (GeV/c?)

_%7

10 | u
= CL]

5 |- + W
7\ —r | | | ‘ L1 ‘ I N ‘ L1 ‘ L1 ‘ L1 i I I\ |
100 125 150 175 200 225 250 275 300

Reconstructed Mass (GeV/c?)

m, = 186.0%10.0%5.7 GeV

) Jet scale 4.4 GeV
Largest systematics Monte Carlo 1.8 GeV

Background 1.3 GeV



Dilepton Mass Method

tt — (CW)(0b) - 00 7,

The final state is underconstrained

e among the 6 neutrino momentum components,
only >p,’ are measured = four unknowns

* three constraints: M(/v) =m(/'v) = M,,

m(/b) = m(/’b)

Nevertheless, the final state momentum
and angular information is sensitive to
the top quark mass.

e assuming a m,, calculate a weight for every
event characterizing how likely that the event
is consistent with the assumed m,

* sum the weight over candidate events

* repeat the process for different values of m,,
[0 weight function W(m,)

* the top quark mass is extracted by fitting the
observed W(m,) distribution to those from MC



Dilepton Mass Method

tt — (CW)(0b) - 00 7,
Matrix element and neutrino weightings

W' (m) ~ £ () F(X)P(E" Im) p(E Im) %
— (Pr = PY = PP,
202

w’'(m) ~ [Jdnd7g(nm) g(7lm) exp

f (X): parton distribution function
p(Ef|mc): lepton energy probability for a given m
g(n7im): lepton n probability for agiven m

DO

Normalized W(m,)
B S R SR R

100 150 200 250 100 150 200 250
2
m, (GeV/c')



Mass from Dilepton

tt = (/1) (7 1b)

168.4+12.3+3.6 GeV | |
Largest systematics

V)
-2
I

‘:?E.i —— m, (GeV)
Jet energy 2.4 GeV =
Monte Carlo 1.8 GeV
Noise/pile-up 1.3 GeV L S
(combining both methods)
0 ‘ L 1 ) 1 . |
80 120 160 200 240 280
m, (GeV)
> L — Dala 49
- w-==sTop+Background T ;
:r-mm Background _§ 47
4 v,.F
I 245
- CDF % f
< | J43f
167-4:1 0-3:4-8 Gev.;:f)- — 1 :
1) R
. g = 125 145 165 185 205
Largest systematics £ | my (GeV/<)
Jet energy 3.8 GeV 2
- - @
Gluon radiation 2.7 GeV 2 |
1| VL
'E? [ l..-ﬁ:::{ .\,\\{\ 33.“.:9"\'-"'*'}* -'-:-*-:::.t ''''' L L Ly i
80 180 280 380

m (GeV/c?)



Top Quark Mass Summary

DO dilepton - 168.4 + 12.3 + 3.6
DO lepton+jets S 173.3 £ 5.6 £ 5.5
DO average e 172.1 £ 5.2 + 4.9
Tevatron average —o— 174.3 £ 3.2 £ 4.0

150'1é0'1§oll1éo'1§0'200
m, (GeV)
m =174.3+ 32(stat) + 4.0(syst) GeV
— 17 43 + 51 GeV Relative weight in top mass average

BECDFl+jets OCDFadlhad [OCDFdilepton
ODOdilepton B DO I+ets




Standard Model Comparison

e Good agreement between observation and
theoretical calculations

e Data prefer a low Higgs mass

20
N °® DO
¢
\
15 4 N\ . Laenen et al.
_’g N Berger et al.
= oy e Bonciani et al.
=
8
$ 10
(72}
(72}
S
(®]
5 —
0 T T T T T
140 150 160 170 180 190 200
Top Quark Mass (Ge\ﬁ¢
—~80.6
> L X
(&) L
; L
= L
80.5
| o
'50 100 150 200 250 300
80.4 -
80.3
L M=
80.2 R
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Run Il Mass Measurement

Statistical and systematic errors contribute
equally to the total errors
of the present measurements

Most of the errors are expected to

scale with 1/J/N, the 5mn is expected to
reduce to 3 GeV or less

o 806
S DY Run Il
(® 805  5M,,=0.04 GeV/2 Sk
~ dm,,,=3.0 GeV/é N
= ° D
= v
80.4[- }‘}‘1 QQ
P O
QO
80.3|- P
80.2| s
@e
e
80.1 gg%

| | | | | |
8930 140 150 160 170 180 190 200
m, (GeV/c)

Combined with the data from LEP/SLC, the
Higgs mass can be constrained to be within 30%



Single Top Production

Single top quark is produced through
electroweak processes

u d u d
b
@ NAA ) WS, WS &
d t b L
g b g t

In the standard model
o(pp — th+ X) O (t - W) OV, f
oW - th) =0.72+010 pb
o(\Wg - thg) =17+0.2 pb

Measure single top quark cross section

* Direct access to the Wtb vertex

* Directly measure the top quark decay width
and CKM matrix element

e Probe anomalous couplings

Final State W - tb - Wbb — (/v)bb

(In Wg mode, one of the b-jets is very soft)

Major backgrounds: tf and Wbb production



Single Top Production

Unit-Normalized H - Distributions for Signal and Background

In many kinematic 3
distributions, the ;|
signal is sandwiched

between two major
background sources

0.06 —

0.04 —

Neither experiment V
were able to extract ... |
a signal in Run | V

___ W(g signal
W+ signal

QCD background
tt background

i e bererty b

100

H, for Events in W+1,2,3 Jet Bins (CDF Run 1 Data)

A Entries 65
L L Mean 182.9
% 14 B -
o -
o Monte Carlo predictions
St
2 ___ QCD background
o
310 L ____ ttbar background
_____ single top signal
8 —
-o-
6 -o-
4 —
-o-
2 —
0 Lot Ao T I o = S e S
0 50 100 150 200 250 300 350 400 450 500

2
H, H; (GeVic)

Pl L n
150 200 300 350 400 450 500

H; (GeV)

CDF:
0 <135pb @ 95% CL

DO:

W* S~ thh 0<39 pb
Wg - thg: o <58 pb



No. of Events

Single Top Production

Single top search suffers from
e small production cross section

e in Wg production, one of the two b-jets
is soft and mostly in the forward region

e jet multiplicity is low
 inefficient b-jet tagging

D@ Data
Background

73 215
E- (jet3) + 5 x E1 (jetd) [GeV]

In Run lla
e a factor of 20 increase in luminosity

e expect to have a factor of 2.5 more from
the improved detector and tools

We expect to observe this process in Run i
and measure Jd; ~20%T;



Spin Correlation

The spins of t and { produced from (g annihilation
are expected to have strong correlations

o
g > /;
[=——p g ,/

t

o

q
=

1) Since I'; =T (t -~ Wb) =15 GeV >> Agcp =150 MeV
top quarks decay before hadronization

2) the polarization of the top quark is carried
by its decay products

3) At /s =18 TeV, 90% of it is produced through
gg annihilation

The top quark polarization can be
reconstructed, not possible for other quarks!



Spin Correlation

Charged leptons and down-type quarks are most
sensitive to the top quark polarization

1 dIr _1+a, cosé

V —
t ¢t r d(cosé,) 2
0 Particle, a.
1" or d 1
-0.31
b Restframe of t voru
estirame ot top W 041
b -0.41
e Down-type quarks are

impractical to identify,
only dilepton events are considered

* In an optimized spin quantization basis,
only like-spin combinations are produced

e In this basis, the spin correlation can be
expressed using angles

1 d’o _
o d(cosé,)d(cosb.)

correlation parameter
SM value = 0.9




Spin Correlation

e direct probes the properties of ‘bare’ quarks,
free of hadronization effect

e probes for non-standard interactions at the
production as well as at the decay vertices

Six dilepton events are analyzed assuming
tt decay hypothesis and m =175 GeV

Both lepton and jet pairings and multiple
Neutrino solutions are considered and weighted

The sensitivity is limited by statistics!

P = [ -
B} E B E
g 08 b g 08 &
0.6 [ 0.6
0.4 0.4 &
0.2 £ 0.2 £
0L =
0.2 H 0.2 F
0.4 E -0.4 =
3 m ]
0.8 & 0.8 &
_1 Ev v v v b e T _1 Ev v v v v b
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1
o, co,
K K=1.0
©0.75 & £0.06 -
& T 8
05 ¢ Z0.05 [ +
0.25 £ 004 b 1
o £ ol il
0.25 © 0.03
-0.75 ] 0.01 |-
I T I e A o A
1 0.5 0 0.5 1 -1 0.5 0 0.5 1
0,

K>-0.25 @ 68% CL I



Spin Correlation

Helicity basis

5,
° %
0
05
.ﬁ%ﬁe o
,@%ﬁ?
Y —|_1
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More than 150 dilepton
events expected are

expected from Run lla

K=0 and K=1 can be

separated at more than

20 level

o1

1.637

30
19
.6872E—-01
0.4162
4 7
16.83 =
.7664E-01 £ 0.3683E—-01
0.4538 + 0.3417E

1D

Entries
Mean
RMS

x*/nd
Const
Mean
]qmo

150 events

20
5
5

sajquiasug

=

v
~

0.75

0.5

0
N
<}

-0.25

-0.75 -0.5

-1

K extracted



Transverse Momentum

Top Quark Differential Cross Section

Ri+ Ry = 0.725515(stat) T 58 (syst)
R, < 0.114 at 95% C.L.

CDF PRELIMINARY
One Standard Deviation Confidence Intervals

| Measurements in different p,; bins are correlated C D F
0.6 — T
B - ——— Standard Model Predictions
§ 0.4 = T
0.2 — 1
i 1
o | | | |
0<p; <75 75 < pr < 150 150 < py <225 225 < p; < 300
(GeVv/c)
pr Bin Measured Fraction of Top Quarks
0<pr<75GeV/c | Ri=0.297018(stat) {55 (syst)
75 < pr < 150 GeV/c | Rp = 0.42F918(stat) 0> (syst)
150 < pr < 225 GeV/c | Rz = 0.297912(stat)TJ 00 (syst)
225 < pr < 300 GeV/c | Rs = 0.00010235(stat) "9 055 (syst)

Another tool for investigating anomalous tt production mechanisms



Events / (25 GeV/?:)

Top-Antitop Mass

 Unlike the bottom quark, top-antitop are
not expected to form bound states due to its
short lifetime

* However, many models predict the existence

of top and antitop resonances
e technicolor gg - ny - (tt, gg)
e topcolor qq - Vg - (tt, bb)

 Top-antitop invariant mass distribution is a
tool for searching for new physics

CDF Preliminary (a) 2C fit
20 LB B L= S I B BN BN 5 -
E Z' - tt Simulation KS: 86.7% - DO data
18 - -+ CDF ?500 pAz(_—).(s);)g’\G;vﬁ:- 4 e MC sig+bkg
16 - £ . 3 A MC bkg
4 ¢
250 2 - '
14 - r\.s . [} .
8 A A A A4 °
12+ bl : ' ° ofe
P 40€{econst6r?1%ted M(%)gV/g) (I:Q I I I - - als 2 I 2
I 1 2 81 (b)saciitwith m=173 GeVAé
. 4 ® CDF Data (63 events) o
gl i | 1 @ 4| KSi115% 4
-01 S tf and W+jets Simulations (63 events)
6~ o : s —
; L . | W+ets Simulation (31.1 events) 4 —
alb .
2 - :
2+ L s .
Sl — L
AT B BN B VLI i S5 YE A Yl ald . I C I
300 400 500 600 700 800 900 1000 200 300 400 500 600 700

Reconstructed M; (GeVid) m (GeV/(,Z)
tt



W Boson Helicity

Top quark decays before hadronization
via V- A interaction

W, W,
v/ Top quarks can only decay
t ) to longitudinal (W,) or
left-hand (W_,) polarized
b b W bosons
W, 2
In the standard model F, = = il = 70%

W +W,  2M2 +n

W polarizations can be analyzed from the angular
or pT distributions of the charged leptons
14

Combined
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081 Left-handed
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W Boson Helicity

e Top quark decays provide the first opportunity
for studying longitudinally polarized Ws

e Non-standard top quark decays may result in
different W polarization

Using dilepton and lepton+jets events,
CDF has measured

F, =091+ 0.37(stat) + 012(syst)
F,, =011+ 015(stat) + 0.06(syst)

Fit for Fraction of W with h,,, = 0 (F,)
(CDF Preliminary)

35 -
- Lepton + Jet Channel
30 |- ¢ Data
L 5 f— — i
> r + Best Fit
O 2 [
S T - hy=-1
9 15
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o 10 [ W
5 ; Background
0 E : L . Ll;\ ‘ L
14 Dilepton Channel
12 -
o - .
> 10 Combined Result
O B F,=0.91+0.37+£0.13
8 °
Tg 5 - (Background gaussian constrained,
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CKM Matrix Element |V|

* |V 4|2 ¥V |? |V, |2=1 assuming 3 generations
and | V,, | is expected to be very close to 1

e no constraints if more than 3 generations

e any departure of |V, | from 1 indicates physics
beyond the standard model

Extract |V, | from the measurement of R
- Bt - Wh) _ Vool
Bt — WO) Vg [ + Mgl +Vyp

Count dilepton and lepton+jets events with
zero, single and double b-taggs,
CDF has determined:
IV, [>0.75 @ 95% CL assuming 3 generations
IV,,|>0.046 @ 95% CL without the assumption

In Run lla with 2 fb1, 5|V, | = 10%
benefit from large statistics and improved
b-tagging capability



Search for Charged Higgs

e The standard model with two Higgs doublets
will result five Higgs particles

h® H° A H* H-

* The Higgs sector will have six free parameters

*m, m, m, m.,.
. tan,B:UZ: theratio of VEVs
(%

e . Higgs mixing angle

e If charged Higgs bosons are sufficiently light,
they can be produced int -~ Hb decays

* The new decay mode with compete with the
standard model t -~ Wb mode

e Sihce’ W SAd Hidecay ditfeVdittly

t —~ Hb decay will lead to different signatures
for top quark pair events

Signature for charged Higgs production:
e disappearance of standard WWbb signature
e anomalous 1 lepton production



BR(t = H'b)

Search for Charged Higgs
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o
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o
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Disappearance Search

e The measured top quark pair production cross
section agrees with standard model prediction

e Sensitive only to the regions of parameter
space with large B(t- Hb)

e Sensitive only to topologies different from
WWbb of the SM top quark pair

Both CDF and D@ studied the implication of the
cross section measurement on the charged
Higgs parameter space

[e2]
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m(H:) (GeV)
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Search for Charged Higgs

Appearance Search

e CDF searched for t - Hb decay via T appearance
for high tan(3 (where H - 1)

 For the 1 appearance analyses, 7jjX and
acoplanar 1t events were searched

e The major backgrounds are fake taus, W+jets,
Z+jets and WW, WZ, ZZ productions

e 7 events were observed with 7.4%2.0 events
expected. No excess of events

CDF Preliminary

200 t = H'b search Excluded 95% C.L.
> /Zfl_dt=0.1fb" ) Ty >15Gev 1
© 180 / M{=175Gev indirect search no limit >
s O | 0u=7.5pb o]
140 > - -
s ‘ oy indep. +
120 =~ 2 5
L3 direct search 37
100 &~ ~ — 0, =5.0pb %
80 ;//// -=10,=7.5pb //j
60
-1 2
10 1 10 10

tang



Heavy Top Quark

- Besides negative searches, the other indication

of a heavy top quark is from the B'BY mixing
measurement by ARGUS and CLEO

b —— d b W
W 1 W t vy At

d L b d - b

 Theoretically it was known since early 80s that
some super - gravity models require top quark
mass to be above 150 GeV

Consequences of a heavy top
vam
\'
o= V2

\'

 Generates electroweak symmetry breaking through
radiative correction

=1 for top quarks and

 Yukawa couplings: /; =

~3x107° for electrons

Is it “Why the top quark is so heavy ?” Or
Is it “Why other particles are so light ?”



Top Physics in Run |l

Expect to have a factor of 50 increase
in top quark sample in Run lla

e Improved measurement of top quark mass
and pair production cross section

e Measure top quark decay branching ratios
and test of standard model predictions

e Study kinematic distributions
e spin correlation
e top polarization
e transverse momentum
e mass of top quark pair

e Observation of single top quark production
and determination of its decay width

e Search for new physics from top quark decays

Hope to answer the question
“Does the top quark play a role
in electroweak symmetry breaking?”

A rich top physics program!



